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ABSTRACT
Multi-storied reinforced concrete frame (RCF) buildings with open first storey to provide parking space is common in Dhaka city, the
capital of Bangladesh. Such buildings are likely to produce soft storey action when subjected to earthquake loadings. Bangladesh
building code places Dhaka in a moderate earthquake zone with a zone coefficient (Z) value of 0.15. Several soft soil sites exist in the
city, most of which have been created by filling up of low lands and water bodies without proper compaction. Such soft soil sites are
likely to produce major site amplification effects during earthquakes. One-dimensional wave propagation using the computer program
SHAKE is used for selected soft soil profile of Dhaka. In the absence of measured shear wave velocity data, empirical relations are
used to obtain shear wave velocity from Standard Penetration Test (SPT) data. Ground motion time histories are obtained for different
input motions. Due to the absence of strong motion records for Dhaka city, US and Japanese strong motion records for four different
earthquakes were used as input (outcrop) motion. Two-dimensional finite element models of six and ten storied RCF buildings with
and without infill walls in the ground floor are subjected to the ground motion obtained for the specific site. Infill wall action is
approximated with equivalent strut action. Elastic transient time history analysis is conducted using the computer program ETABS. To
account for the energy dissipation in the structural elements due to inelastic action during strong earthquakes, the seismic response
obtained is divided by a factor equal to the reduction factor R specified in the building code. Results thus obtained are compared to
demonstrate the significant effect of soft soil site on the seismic response of buildings with soft storey.

INTRODUCTION
Bangladesh, being located close to the plate margins of Indian
and Eurasian plates, is susceptible to earthquakes. The
collision of the northward moving Indian plate with the
Eurasian plate is the cause of frequent earthquakes in the
region comprising North-East India, Bangladesh, Nepal and
Myanmar. Historically Bangladesh has been affected by five
earthquakes of large magnitude greater than 7.0 (Richter scale)
during the 61 year period from 1869 to 1930 (Ali and
Choudhury, 1994; Sabri, 2002). The 1885 Bengal earthquake
(M=7.0, 170 km from Dhaka) and 1918 Srimongal earthquake
(M=7.6, 150 km from Dhaka) had their epicentres within
Bangladesh, they caused considerable damage locally. The 8.7
magnitude 1897 Great Indian earthquake in Shillong, Assam
had an epicentral distance of only 230 km from Dhaka. That
earthquake caused extensive damages to masonry buildings in
many parts of Bangladesh including Dhaka. According to Bolt
(1987), there are four tectonic source zones capable of
producing major earthquakes in the future. Assam fault zone
(to the north) and Tripura fault zone (to the east) can produce
magnitude 8.0 and 7.0 earthquakes respectively, while Sub-
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Dauki fault zone (in the north-east) and Bogra fault zone (in
the west) can produce magnitude 7.3 and 7.0 earthquakes
respectively. Dhaka, located in the central region of
Bangladesh, could be affected by any of these sources.
It should be noted that a large earthquake in the region has not
occurred since 1930. The present generation of people in
Bangladesh hasn’t witnessed any major earthquake. As a
result the population has been generally complacent about the
risk of earthquakes. In recent years, this has changed to some
extent by the occurrence and damage caused by earthquakes
(Magnitude between 4 and 6) particularly in the south-eastern
region of the country (Al-Hussaini, 2007). The damage has
been mainly restricted to rural areas or towns near the
epicentre, but there has been some instances of damage in
urban areas 50 to 100 km away. The people of the capital were
shaken and frightened by the Dec.19, 2001 jolt, a minor
earthquake (M=4+) with epicentre very close to the city.
Moreover, historical earthquake catalogue (ISET, 1983) lists
Dhaka as epicenter of several earthquakes (magnitude not
mentioned) in historical times (17th-20th century). The location
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of a probable earthquake source so near Dhaka city is another
point of great concern, which needs to be investigated. To
accommodate the rapid population growth of Dhaka city,
already a mega city, construction of buildings has taken place
in an unregulated manner, many of them without earthquake
resistant features. The consequences of a major earthquake
event can be catastrophic if a densely populated urban area
like Dhaka is affected. This would be due to lack of awareness
about earthquakes, construction lacking earthquake resistant
design, poor quality of construction and absence of postearthquake preparedness planning.
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One dimensional wave propagation analysis is performed to
develop ground motion time histories for the particular site.
The computer program SHAKE91 (Idriss and Sun, 1992) has
been used, which is an advanced version of the original
computer program SHAKE developed by Schnabel et al
(1972). Non-linear dynamic properties of the soil are
considered using relationships developed by Seed and Idriss
(1970) and Sun et al. (1988).
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Multi-storied Reinforced Concrete Frame (RCF) buildings
with open first storey to provide car parking space is quite
common in Dhaka city. The absence of infill walls in the
ground floor can result in soft-storey action during a major
earthquake This paper presents results from a numerical study
on the site amplification effect of a soft soil site in Dhaka city
and its effect on the seismic response of RCF buildings with
soft-storey.

A soft soil site in Dhaka city, having significant site
amplification characteristics, is selected. Bore hole data is
collected for the site, located in Sabuzbag area of eastern part
of the city. The standard penetration test (SPT) data is
available for several boreholes at the site. Based on the
borehole data, a representative SPT profile up to 30m depth, is
developed as shown in Fig.1. In the absence of test data on
dynamic soil properties and such test facilities, SPT results
have been used to estimate shear wave velocity profile for the
site using empirical correlation. The dynamic shear modulus
Gmax (in kPa) at small strain is obtained from SPT (N) values
using Eq.(1) given by Ohsaki and Iwasaki (1973). Eq.(1) is
valid for both sand and clay soils. The shear wave velocity is
computed using Gmax and density .

Sabuzbag

4.5

Exorbitant land prices and high demand for land has led to the
filling up of many low lying lands (which used to act as water
bodies) in the Dhaka city area for urban construction. The
filled soils in many cases have not been properly compacted or
consolidated. Furthermore, the low lying lands may also
possess soft soils. These soft soil sites in Dhaka may cause
amplification and modification of ground motion (Al-Hussaini
et al., 2007), producing larger seismic forces in buildings.

SITE RESPONSE STUDY
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Fig.1. SPT profile for a soft soil site in Sabuzbag
Due to absence of local strong motion records, US and
Japanese strong motion records, with varying amplitude and
frequency characteristics, are chosen for the site response
analysis. These records have peak ground acceleration (PGA)
value varying from 0.18g to 0.41g. Table 1 gives information
on these records. These motions are scaled down to a peak
ground acceleration (PGA) value of 0.15g, since the zone
coefficient (Z) for Dhaka city is 0.15. The zone coefficient
given in the Seismic Zoning map of the Bangladesh National
Building Code represents the PGA for stiff soil and does not
include site amplification effects. The scaled down motions
(PGA= 0.15g), hereafter called unamplified motion, are used
as input (outcrop) motion in the site response analysis using
SHAKE.
Table 1. Earthquake records used in analysis
Date
May 18
1940
May 16
1968
Oct.17,
1989
July
21,
1952

Earthquake
Name

Station
Record

Imperial
Valley

El Centro
NS
Hachinohe
Harbor NS
UCSC/
Lick Lab
Taft
Lincoln
School
S69E

Tokati
Loma
Prieta
Kern
County

Earthquake
Magnitude

Actual
PGA
(g)

Scaled
PGA
(g)

6.7

0.35

0.15

7.9

0.23

0.15

7.1

0.41

0.15

7.7

0.18

0.15
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Table 2 presents some results of site response analysis for four
earthquake input motions. Ground motion time histories are
obtained for the soft soil site (Sabuzbag) for each input
earthquake record. The site effect produces amplification of
the input outcrop motion (PGA) in the range of 1.65 to 1.79.
The peak ground acceleration (PGA) as well as the peak
spectral acceleration (PSA) values are presented. Two peaks
of PSA are shown as well as corresponding periods (within
brackets). PSA for the un-amplified earthquake motion (scaled
to PGA of 0.15g) varies from 0.43g to 0.56g. PSA for the
amplified motion ranges from 0.75g to 1.01g. There is
significant change in both amplitude and frequency content of
ground acceleration due to site effect.
Table 2. Site Response Analysis Results
Earthquake
Record
used

Unamplified (scaled)
motion
PGA
in g

El Centro
NS
Hachinohe
Harbor NS
UCSC/
Lick Lab
Taft
Lincoln
School
S69E

0.15
0.15
0.15

0.15

(b) Infilled Frame with
Soft Storey (IFSS)

Amplified motion at soft soil
site Sabuzbag

0.398 (0.26)
0.392 (0.54
0.512 (0.22)
0.507 (0.34)
0.561 (0.14)
0.437 (0.3)

PGA, g
(Amplificat
ion)
0.263
(1.75)
0.268
(1.79)
0.248
(1.65)

0.409 (0.34)
0.426 (0.46)

0.251
(1.67)

PSA, g
(Period, sec)

(a) Bare Frame (BF)

PSA, g
(Period, sec)
0.655 (0.13)
0.731 (0.53)
0.758 (0.26)
1.010 (0.40)
0.987 (0.16)
0.785 (0.28)
0.576 (0.19)
0.752 (0.38)

(c) Infilled Frame (IF)
Fig.3. Structural configurations of 6 storied building

BUILDING MODEL

Frame to Analyze

The plan layout of the reinforced concrete moment resisting
frame building chosen for this study is shown in Fig.2. The
building is deliberately kept symmetric in both orthogonal
directions in plan to avoid torsional response, thereby allowing
two-dimensional analysis. The frame chosen for 2D analysis is
also indicated in Fig.2. Column spacing is 15 ft.

Two-dimensional finite element models of medium rise (6storey) to high rise (10-storey) reinforced concrete frame
buildings with infill walls keeping the 1st storey open and
filled are subjected to earthquake ground motion. Three
structural configurations have been considered: Bare Frame
(BF), Infilled Frame with Soft Storey (IFSS), Infilled Frame
(IF) for both 6-storey and 10-storey buildings. Fig.3 shows
structural frame types for 6-storey buildings.

Fig.2. Plan of RCF building
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Fig.4. Numerical model of 6 storied IFSS building
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Chosen values for elastic moduli of concrete and masonry are
3600 ksi (25,000 MPa) and 1200 ksi (8,300 MPa),
respectively, and Poison’s ratio is 0.2. The unit weights of
concrete and masonry are taken as 150 pcf (25 kN/m3) and
120 pcf (20 kN/m3)

DYNAMIC ANALYSIS
The frequency characteristics of the building models are
obtained using the finite element software ETABS. Tables 3
and 4 list the natural frequencies (period is shown in brackets)
for the different modes of 6-storey and 10-storey building
respectively. The addition of infill walls in the Bare Frame
(BF) increases the lateral stiffness significantly, resulting in
large increase in the fundamental frequency for structure types
IFSS and IF. Even the absence of infill wall in the ground
story causes significant difference in the fundamental
frequency, 2.29 Hz for IFSS and 2.89 Hz for IF.
Table 3. Frequency characteristics of 6-storey buildings

Mode
1
2
3
4
5
6

Frequency, Hz (Period, sec)
Infilled Frame
Bare Frame
Infilled Frame
with Soft Story
(BF)
(IF)
(IFSS)
1.10 (0.904)
2.29 (0.437)
2.89 (0.346)
3.56 (0.281)
7.29 (0.137)
8.71 (0.115)
6.66 (0.150)
13.53 (0.074)
14.80 (0.068)
10.44 (0.096)
19.34 (0.052)
20.29 (0.049)
14.49 (0.069)
24.60 (0.041)
25.15 (0.040)
17.76 (0.056)
28.52 (0.035)
28.70 (0.035)

Linear time-history (transient) analysis is performed for the
six building models using ground motion time history records
listed in Table 2. The computer program ETABS is used for
this purpose. For each earthquake record, there are two ground
motions: unamplified (scaled) motion (PGA=0.15g) and
amplified motion (due to site effect). Corresponding to four
earthquake records, each building is therefore subjected to
eight ground motions. To account for the energy dissipation in
the structural elements due to inelastic action during strong
earthquakes, the seismic response obtained is divided by the
response modification factor R specified in Bangladesh
building code. A value of R=8, listed for intermediate
moment-resisting frame (IMRF), has been used. Results thus
obtained are compared to demonstrate the significant effect of
soft soil site on the seismic response of buildings with soft
storey. Some of the key peak response parameters of the
buildings are presented. The values in each graph are the peak
response of the respective item for the models at each storey
level. These values in the graphs may not necessarily take
place at same instant of time, often they happen at different
instants of time.

Storey

modeled with beam column elements, slab is modeled as rigid
diaphragm. The masonry infill walls are modeled as
equivalent strut elements (Smith and Coull, 1991). The
columns are considered to be fixed at the base. Fig.4 shows
numerical model of 6-storey IFSS building.
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Table 4. Frequency characteristics of 10-storey buildings

4
Storey

Frequency, Hz (Period, sec)
Infilled Frame
Infilled Frame
Bare Frame
with Soft Story
(IF)
(BF)
(IFSS)
0.64 (1.556)
1.43 (0.700)
1.63 (0.614)
2.00 (0.500)
4.30 (0.232)
5.06 (0.198)
3.58 (0.280)
8.19 (0.122)
9.06 (0.110)
5.39 (0.185)
11.89 (0.084)
12.72 (0.079)
7.50 (0.133)
15.58 (0.064)
16.30 (0.061)
9.87 (0.101)
19.08 (0.052)
19.68 (0.051)
12.41 (0.080)
22.40 (0.045)
22.85 (0.044)
14.89 (0.067)
25.37 (0.039)
25.67 (0.039)
17.03 (0.059)
27.82 (0.036)
27.98 (0.036)
18.49 (0.054)
29.46 (0.034)
29.50 (0.034)
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Fig.5. Peak Normalized Storey Shear for 6-storey building
with different structural configurations subjected to: (a)
unamplified Hachinohe motion (PGA=0.15g) (b) amplified
Hachinohe motion for Sabuzbag site (PGA=0.27g)
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Fig.6. Peak Normalized Storey Shear for 6-storey building
with different structural configurations subjected to: (a)
unamplified El Centro motion (PGA=0.15g) (b) amplified El
Centro motion for Sabuzbag site (PGA=0.26g)
Figs. 5 and 6 present peak storey shear normalized with
respect to building weight corresponding to Hachinohe and El
Centro motions respectively for 6 storied building with
different structural systems. Results for unamplified motion
(PGA=0.15g) is shown in Figs. 5a and 6a. Results for sitespecific (Sabuzbag soft soil site) amplified motion are
presented in Figs. 5b and 6b. The first storey shear represents
the base shear. Infilled frames IF and IFSS due to increased
lateral stiffness attract higher shear forces than braced frame
BF. Comparing response of IF and IFSS structures it is
observed that IFSS structure may attract higher shear force
than IF structure in some cases. In other words, the absence of
infill walls in the 1st storey can increase the base shear which
has to be resisted by the 1st storey columns alone. Comparing
response of IFSS structure for unamplified motion with that
for corresponding site-specific amplified motion, it is
observed that the peak base shear is amplified by a factor of
3.2 (Fig.5a, 5b) for Hachinohe motion and by a factor of 2.3
(Fig.6a, 6b) for El Centro motion. These amplification factors
for 6 storied building (IFSS) with soft storey are much larger
than the amplification factors for the peak ground acceleration.
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Fig.7. Peak Normalized Storey Shear for 10-storey building
with different structural configurations subjected to: (a)
unamplified El Centro motion (PGA=0.15g) (b) amplified El
Centro motion for Sabuzbag site (PGA=0.26g)
Figs. 7 and 8 present peak storey shear (normalized) of 10
storied buildings for El Centro and Taft motions respectively.
The difference in results between bare frame (BF) and infilled
frames (IF and IFSS) appear to be larger for 10 storied
buildings, compared to 6 storied buildings. The base shear for
10 storied BF building is much smaller (factor of 2 or more)
compared to that for 6 storied BF building. On the other hand,
the base shear for 10-storey infilled frame building is
relatively closer to that for corresponding 6-storey building.
This effect may be envisaged by comparing building
frequencies with the relevant response spectrum. Comparing
Figs. 7a and 7b, the peak base shear for the 10-storey IFSS
building is amplified by a factor of 1.7. However, for the Taft
motion, as shown in Fig.8, the peak base shear for the IFSS
building is amplified by a factor of 2. The base shear
amplification factors are found to be smaller for 10-storey
building (IFSS) with soft storey than for 6-storey buildings.
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Fig.8. Peak Normalized Storey Shear for 10-storey building
with different structural configurations subjected to: (a)
unamplified Taft motion (PGA=0.15g) (b) amplified Taft
motion for Sabuzbag site (PGA=0.25g)
The peak inter-storey drift ratio of 6 storied building with
different structural systems for Hachinohe motion is shown in
Fig.9. Fig.9a corresponds to unamplified motion
(PGA=0.15g), while Fig.9b corresponds to site-specific
amplified motion (PGA=0.27g). The peak inter-storey drift for
bare frame BF and infilled frame IF may not occur in the first
storey as in Fig.9. On the other hand, the peak drift for soft
storey structure IFSS occurs in the first storey and is much
larger than that for other frames particularly for the amplified
motion. This is also observed for other three amplified
motions. This indicates that for analysis of IFSS building type,
open first storey should be incorporated in the building model.
The first storey drift is around 0.14% for amplified Hachinohe
motion. The amplification of first storey drift for soft soil site
(Sabuzbag) is around 3.1 which is much higher than the
amplification ratio of PGA. For 10-storey building, the
maximum first storey drift is around 0.11% which occurs for
amplified El Centro motion.
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Fig.9. Peak Inter-Storey Drift for 6-storey building with
different structural configurations subjected to: (a)
unamplified Hachinohe motion (PGA=0.15g) (b) amplified
Hachinohe motion for Sabuzbag site (PGA=0.27g)

CONCLUSIONS
One-dimensional site response analysis using SHAKE for a
soft soil site in Sabuzbag shows large amplification factor
(1.65 to 1.79) of PGA. Two-dimensional finite element
models of six and ten storied RCF framed buildings with and
without masonry infill walls in the ground floor are subjected
to two types of ground motion: unamplified motion
(PGA=0.15g) and amplified ground motion (PGA=0.250.27g) obtained from site response analysis. Linear time
history analysis is performed using ETABS. To account for
the nonlinear energy dissipation in the structure, the structural
response obtained is divided by the response modification
factor specified in the building code.
For the amplified motion at the soft soil site, the peak interstorey drift in the first storey (soft-storey) of structure IFSS is
always significantly larger than that of both BF and IF, the
maximum is about 0.14% for 6-storey and 0.11% for 10-storey
building. The site effect on RCF building with soft storey is
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studied by comparing the response of structure IFSS for
amplified motion with that due to unamplified motion.
Depending on ground motion, the base shear (as well as first
storey drift) for 6-storey building is found to increase by a
factor of 2.3 to 3.2 due to site amplification. This factor is
somewhat smaller (1.7 to 2.2) for 10-storey building. These
amplification factors are much larger than that of the PGA.
This indicates that analysis of buildings with soft storey on
soft soils should include site specific motions.
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